ABSTRACT
SAŽETAK

Kardiorenalni sindrom tip 1 (KRS -1) se defi niše kao akutno pogoršanje funkcije srca koje dovodi do akutnog oštećenja i/ ili poremećaja funkcije bubrega. Predstavlja važan uzrok hospitalizacije koji utiče kako na dijagnozu, tako i na prognozu i lečenje pacijenata. Rad je imao za cilj da analizira faktore koji dovode do nastanka kardiorenalnog sindroma tip 1, kliničke posledice i da ukaže na klinički značaj njegovog ranog otkrivanja. Analizirane su kliničke studije i stručni radovi koji se bave etiopatogenezom, dijagnostikom i lečenjem kardiorenalnog sindroma tip 1. U nastanku kardiorenalnog sindroma tip 1 najznačajniju ulogu imaju hemodinamski mehanizmi, aktivacija neurohumoralnih sistema, infl amacija i poremećaj ravnoteže između stvaranja slobodnih radikala kiseonika (ROS) i azot monoksida (NO). Dijagnostika kardiorenalnog sindroma tip 1 uključuje određivanje biomarkera oštećenja bubrega u serumu među kojima su najznačajniji: NGAL (serumski lipokalin povezan sa želatinozom neutrofi la), cistatin C, molekul oštećenja bubrega 1 (KIM-1), jetreni transportni protein masnih kiselina (L-FABP), IL -18 kao i vrednosti azotnih materija u serumu. Pored primene farmakološke terapije u lečenju se primenjuju i različiti modaliteti vantelesne ultrafiltracije, naročito ukoliko postoji rezistencija na primenu diuretske terapije. Nasuprot eksperimentalnim modelima u kliničkoj praksi se akutno oštećenje bubrega kasno dijagnostikuje tako da mere koje imaju benefita i protektivnu ulogu u njegovom nastanku u eksperimentalnim uslovima ne daju iste rezultate u kliničkoj praksi. Zbog svega pomenutog potrebno je analizirati patofiziologiju renalnog oštećenja u KRS-u kao i otkriti raniji indikator oštećenja bubrega što bi moglo imati ranu kliničku korist i uticalo na smanjenje troškova lečenja.
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INTRODUCTION
Cardiorenal syndrome type 1 (CRS-1) is defined as an acute worsening of the heart function leading to an acute kidney injury and/or renal dysfunction. It is an important cause of hospitalization which affects the diagnosis as well as the prognosis and treatment of patients, increasing the risk of cardiovascular mortality and morbidity, cerebrovascular insult, duration of hospitalization and the frequent need of rehospitalization. It occurs in 25-33% of patients hospitalized for acute heart failure (1, 2) . Conditions that lead to rapid deterioration of cardiac function are acute hypertensive pulmonary edema with preserved systolic function, acute decompensation of chronic heart failure, cardiogenic shock and acute predominant right ventricular failure (3-10) ( Table 1) .
Etiopathogenesis
There are direct and indirect e ff ec ts o f he art failure that are designated as primary for the occurance and incidents of acute renal injury as well as renal dysfunction. The factors hidden behind the classic hemodynamic mechanisms play the main role in the pathogenesis of renal impairment. The factors involved in the development of cardiorenal syndrome type 1 are: venous congestion, dysfunction of the sympathetic nervous system, anemia, activation of the renin angiotensin aldosterone system (RAAS), disruption of the hypothalamic-pituitary axis and significant changes in immune and somatic cell signaling (Table 1) (11) . In addition to the aforementioned mechanisms, renal impairment occurs as a result of renal hypoperfusion, which occurs as a consequence of reduced cardiac output and systemic arterial pressure. A sudden decrease of intravascular volume activates the renin angiotensin aldosterone system (RAAS), which leads to an increase in angiotensin 2, which stimulates creation and release of endothelin 1 in kidneys, a strong profibrotic inflammatory and vasoactive peptide which plays an important role in most pathogenetic mechanisms of acute kidney injury (3) (4) (5) (6) (7) (8) (9) . All this leads to a decrease in glomerular filtration rate and development of acute kidney injury.
Venous congestion
Venous congestion is one of the most important hemodynamic determinants of cardiorenal syndrome which is ABBREVIATIONS ADHF -acute decompensated heart failure CRRT -continuous renal replacement therapy associated with a renal dysfunction within the acute decompensated heart failure (12) . Neurohormonal activation flooding atrio-renal reflexes in patients with heart failure is manifested by persistent renal retention of sodium and water in spite of atrial pressure. Transmission of venous congestion to renal veins continues to threaten glomerular filtration rate (GFR) (13) . One of the possible mechanisms that connects venous congestion and GFR is an increase in renal interstitial pressure that leads to an increased concentrations of angiotensin II which results in a reduction in the glomerular filtration rate, either directly or via modulation of the sympathetic nervous system. The stimulation of the adrenergic receptors on the proximal tubule renal cells increases the reabsorption of sodium, while the stimulation of the adrenergic receptors in the juxtaglomerular apparatus stimulates RAAS (14) .
The most important non-hemodynamic mechanisms involved in the development of CRS-1 are: renin angiotensin aldosterone system (RAAS), the sympathetic nervous system (SNS), inflammation and an imbalance between the production of reactive oxygen species (ROS) and nitric oxide (NO) (15) .
Inflamation and immune cell signaling
Inflammation plays an important role in the development of all types of cardiorenal syndrome, including type one. Numerous studies have demonstrated the activation of different levels of inflammation in patients with heart failure. Acute heart failure leads to an immune activation and production of cytokines, complement system, TNFalpha, adhesion molecules and immune cells, which cause damage to distant organs such as kidneys, leading to acute renal injury, exacerbating the heart failure. The inflammatory cytokines which can be created in the myocytes as a result of an ischemic or mechanical stimuli or innate immune response that is represented as a "toll-like" receptor, "pentraxin-like" C-reactive protein and pentraxin 3 (16) (17) (18) provide an inflammatory etiology of heart failure. The increase of cytokines, as well as inflammatory markers, in the blood have been proven in patients with acute decompensated heart failure (19) . There is evidence which supports the prognostic value of various circulating markers of inflammation, particularly C-reactive protein, pentraxin 3, tumor necrosis factor α, IL-1, and IL-6 (20) . For example, it has been shown that high levels of C-reactive protein, an acute phase reactant, are registered in the last stages of renal failure (21) . A study conducted by Pastori and his colleagues showed that the development of CRS-1 is immune-mediated and that loss of normal regulation of the immune system may play a role in the pathogenesis of CRS-1. The study pointed to a high activity of apoptotic factors in plasma of patients with CRS-1 (caspase-3 and caspase 8 -inducing apoptosis of monocytic cells) as well as high levels of IL-6 and IL-18 (22) . These findings suggest an immunological basis for CRS-1 because various cardiorenal mediators can induce early pathological apoptosis of monocytes.
Th e predisposing factors for type 1 CRS
There are variety of contributing factors that pose a risk for the development of cardiorenal syndrome type 1. Obesity and cardiometabolic changes in the cardiovascular system, including diabetes, hypertension, and subsequently, during the illness cachexia, biochemical and hormonal changes caused by disorders of bone and mineral metabolism, retention uremic molecules, proteinuria and anemia -these all are involved in the development of CRS-1. The development of this syndrome can cause permanent renal impairment and the need for dialysis or a partial renal recovery. Coronary revascularization also leads to a development of cardiorenal syndrome type 1. Before surgical vascularization each patient undergoes coronary angiography. Iodinated contrast agents cause renal vasoconstriction and direct toxicity of the renal tubules. As a result, contrast-induced nephropathy occurs in 15% of patients (23) . During surgical revascularisation of the heart, kidneys are exposed to hypothermia, absence of pulse, perfusion reduction of 30-90 minutes, which can lead to progression of ischemic injury in the ambient of proinflammatory condition. It is possible that extracorporeal circulation used in the cardiovascular surgery triggers systemic factors that further lead to the acute renal injury. Attempts to reduce exposure to this risk did not lead to a reduction in incidence of acute kidney injury (24) . Cardiac bypass surgery with acute renal impairment occurs in 30% of patients. The cardiorenal syndrome type 1 causes an increase in mortality rate three to four times despite the possibility of dialysis (25) .
Diagnostics of cardiorenal syndrome type 1
The latest biochemical biomarkers, whose values are increased even at a slight reduction in kidney function, are used in the early diagnosis of type 1 CRS. What should not be ignored is the increase in serum creatinine in the diagnosis of acute kidney injury. Thus cardiorenal syndrome type 1 is defined as an increase in serum creatinine compared to the value at the time of admission to 26.5 μmol/L and more or 44.2 μmol/L and more or 25% and more, as well as an increase in the value of the SCr by 50% SCr values at the time of admission or as a combined increase in SCr of 26.5 μmol/L and more or 25% and more (26) . In the last decade, several risk scores for acute kidney injury in patients with acute heart failure, acute myocardial infarction and in patients undergoing cardiac surgery or coronary angiography have been published. The application of these scores in clinical work has shown great benefit in the prevention of CRS-1 (27) . Forman (28) and Mehran (29) risk scores are widely used in the world. They are very valuable for predicting the emerging acute renal injury in patients with acute decompensated heart failure and those who underwent coronary angiography. Risk factors included in risk scores were: age, serum creatinine levels, systolic arterial pressure, glomerular filtration rate, diabetes mellitus, use of furosemide and many others.
Biochemical markers of acute renal injury
Serum creatinine, glomerular filtration rate determined by creatinine clearance, the concentration of sodium in the urine, fractional excretion of sodium, fractional excretion of urea, and urine osmolality are used as standard laboratory parameters in clinical practice. In addition to the parameters listed, for early detection of acute kidney injury in recent years some new biomarkers have been used: KIM-1 -kidney injury molecule 1, L-FABP -the liver fatty acid binding protein, IL -18, NGAL and cystatin C (30) . A larger number of studies have examined the role of biomarkers in predicting the occurrence of cardiorenal syndrome type 1 in patients with acute decompensated cardiac insufficiency (Table 1 ) (31). In their study Pfister and colleagues found elevated basal NT-proBNP as a predictor for developing acute renal impairment (32) .
NGAL
In one of the numerous studies, on admission, among patients who had developed acute renal failure, the increased serum neutrophil gelatinase-associated lipocalin (NGAL) was shown. NGAL is a protein mass of 25 kDa, and is one of the important indicators of acute renal injury and is very often used in clinical practice (33) . If the values of NGAL in the urine are greater than 100 ng/ml two hours after the initial event, it indicates the development of acute renal impairment (34) . NGAL serum values are determined by the impairment of renal function rather than myocardial function (35) . In patients with ADHF (acute decompensated heart failure) serum NGAL largely correlates with renal functional markers. High values of NGAL on hospital admission are associated with adverse cardiovascular outcomes or death.
Cystatin C
Serum cystatin C measured on admission of patients with acute decompensated heart failure is a better longterm predictor of mortality and rehospitalization than serum creatinine or BNP (36) . Cystatin C is a cysteine protease inhibitor which is completely reabsorbed in the proximal tubule cells. It proved to be a very sensitive indicator of small changes in glomerular filtration rate. This biomarker is an independent predictor of adverse cardiac events in patients with acute coronary syndrome (37) . Its concentration is increased up to two days before the increase of serum creatinine concentration. Due to its predictive values and biochemical characteristics serum cystatin C may also be of great relevance for the diagnosis of early loss of kidney excretory function in CRS-1.
Treatment of CRS-1
The treatment of CRS type 1 is rather complex and the consensus on the choice of an appropriate therapeutic approach has not been reached yet. It was agreed that the preservation of renal function should have the same priority as the preservation of heart function (38) . Standard therapeutic strategies in clinical practice imply medical therapy and open ultrafiltration dialysis supportive therapy.
Medical therapy
The usage of medications for the treatment of heart failure, such as diuretics, ACE inhibitors, and angiotensin receptor blockers have a deleterious effect on renal function. Diuretics improve symptoms in acute decompensated heart failure and in the long run they do not affect morbidity and mortality, but they may lead to a deterioration of renal function, due to neurohumoral activation. These patients often experience resistance to these drugs as well as the absence of desired effect. Resistance occurs due to the reduction of glomerular filtration, activation of the sympathetic nervous system and RAAS system, hypertrophy of epithelial cells of the distal tubules and increased concentration of adenosine. Loop diuretics are the first-line drugs for patients with acute decompensated heart failure, where volume overload is present, with the goal of acheaving a gradual diuresis (39) . Dosing of diuretics depends on renal function, systolic blood pressure and previous treatment with diuretics. Diuresis can be enhanced by the addition of thiazide diuretic, acetazolamide, spironolactone or by using continuous infusion of loop diuretics. Continuous infusion of diuretics can be monitored by using the techniques to evaluate the quantity of liquids such as bioelectrical impedance vector analysis (BIVA), measuring proB-NP, cardiac output and central venous pressure. According to a study conducted by Felker et al. it has been proven that in patients with acute decompensated heart failure (ADHF) there is no significant difference in improvement of symptoms, the number of rehospitalizations and deaths between those in which diuretics are administered by continuous IV infusion and those who received the bolus, nor were there diffeences in the application of high versus low doses of diuretics (40) . Beta blockers are administered with caution, especially in patients with cardiogenic shock. Their application should be started cautiously, when hemodynamic stability of patient is established, particularly in patients with CRS-1 after myocardial infarction (41) . ACE inhibitors and angiotensin receptor blockers are underused in the treatment of cardiorenal syndrome due to fears of worsening renal function. Blockade of RAAS alone reduces morbidity and mortality in patients with chronic heart failure and slowing the progression of chronic renal failure, particularly in patients with diabetic nephropathy (42) . The use of ACE inhibitors in patients with moderate renal failure has a positve effect on their survival rate despite a transient worsening of renal function that occurs in 30% of cases. The presence of acute renal failure with or without hypokalemia can also reduce the use of the ACE inhibitors and the aldosterone receptor blockers. In patients with severe renal insufficiency a constant monitoring of renal function is required because of unknown relations between their safety and efficacy. Apart from the drugs mentioned, in the treatment of CRS-type1 the inotropic drugs are used, among including dopamine, dobutamine, norepinephrine, fenodolpan. Dopamine is a remedy which, depending on the dose, may have vasodilator, inotropic and systemic vasoconstrictor effects. It is used in patients with systemic hypotension and in patients with reduced cardiac index (43) .
Newer drugs for the treatment of type 1 CRS
New strategies in the treatment of CRS 1 involving use of drugs that improve kidney function in patients with heart failure and those are adenosine receptor antagonists and vasopressin antagonists. The blockade of subtype 1 adenosine receptors can enhance diuresis and natriuresis with maintaining or increasing GFR and reduce the need for loop diuretics (44) . The blockade of adenosine receptors leads to a blockade of tubuloglomerular feedback mechanism (TGF) which is responsible for normal homeostasis of electrolytes and fluids that can be changed in heart failure and leads to a diuretic resistance and reduction of glomerular filtration rate. A placebo-controlled, randomized study showed that selective adenosine A1 receptor blockers such as rolofylline in patients hospitalized with ADHF and volume overload in order to assess the effect on congestion and renal function was not better than placebo (45) . Although it showed an improvement of dyspnea, rolofilline did not prevent the emergence of kidney damage nor had a significant effect on the overall success of treatment. The blockade of vasopressin V2 receptors in collecting ducts of kidneys leads to an increase in the excretion of free fluid which can theoretically correct fluid retention and hyponatremia in patients with congestive heart failure. Tolvaptan, an oral selective vasopressin V2 receptor antagonist, showed results in improving symptoms, but not in reducing the number of rehospitalizations and mortality in patients with ADHF (46) . Conivaptan is antagonist of both vasopressin V1 and V2 receptors which not only reduces the excretion of fluids but it can also reduce systemic vascular resistance and improve systolic function (47) . Natriuretic peptides have systemic and renal vasodilator effect, natriuretic, diuretic and myorelaxant effect on smooth muscles and they reduce the need for oxygen in certain segments of the nephron (48) . The synthetic natriuretic peptides lead to a dilatation of the arterial and venous systems. The study ASCEND -HF (Acute Study of Clinical Effectiveness of Nesiritide and decompensated Heart Failure) which studied the effect of Nesiritide B, a synthetic natriuretic peptide, in patients with decompensated heart failure showed that Neseritide B has no effect on survival rate, as well as on the number of rehospitalizations (49) . Urodilantin A is a natriuretic peptide which can improve symptoms but does not affect the mortality and renal function in patients with ADHF (acute decompensated heart failure) (50) .
Ultrafiltration in treatment of type 1 CRS
Ultrafiltration is indicated if the volume overload persists despite an optimal output and the application of diuretic therapy and when there is resistance to its use. The process of ultrafiltration removes the isotonic fluid from the blood of patients, wherein there is no activation of the sympathetic nervous system and the renin-angiotensinaldosterone system (51, 52) . There are several modalities of ultrafiltration used in the treatment of patients with an acute worsening of chronic heart failure and these are Aquadex system, Intermittent Ultrafiltration -IUF and Slow Continuous Ultrafiltration -SCUF. According to the study RAPID-CHF ("Relief for Acutely Fluidity Overload Patients with Decompensated CHF") the application of SCUF showed good results in patients with a sudden worsening of chronic heart failure (53). The Continued VenoVenous Hemofiltration (CVVHF) has found its application in patients with a sudden worsening of chronic congestive heart failure, metabolic disorders of electrolyte and acidbase balance (hyperkalemia, metabolic acidosis), as well as in the removal of excess fluids.
Comparison of efficacy of diuretic therapy and ultrafiltration by open dialysis supportive therapy in the treatment of type 1 CRS
A study called UNLOAD (The Ultrafiltration versus IV Diuretics for patients Hospitalized for Acute decompensated Congestive Heart Failure) compared the application of ultrafiltration with the application of diuretics in patients with acute decompensated cardiac failure. Ultrafiltration has reduced the number of rehospitalizations and increased weight loss in patients with ADHF (54) . Another smaller study, conducted by Rogers and associates showed no difference in the balance of fluid, glomerular filtration rate and renal plasma flow between the application of ultrafiltration and loop diuretics (55) . In a four-year period the large study CARRES-HF (2008 showed that the application of the step-approach pharmacological therapy is superior to ultrafiltration regarding preserving renal function during 96 h in patients with acute decompensated heart failure, worsening of renal function and persistent congestion (56) . The use of ultrafiltration has been associated with a number of adverse events (bleeding, worsening of renal function, complications associated with IV catheter). Weight loss was similar in both groups. In addition to the aforementioned, two smaller studies have also shown that the use of methods of ultrafiltration or so-called (CRRT) -Continuous Renal Replacement Therapy -is associated with a high mortality rate, especially in the simultaneous administration of vasopressors in patients over 70 years of age (57) . One of these studies, conducted in Cleveland, has shown that the application of slow continuing ultrafiltration (SCUF) in patients with acute decompensated heart failure, despite the fact that it has demonstrated significant weight loss and improvement of central and venous hemodynamic parameters, did not show significant improvement of renal function in reducing serum creatinine and urea (58) . According to these studies it can be concluded that the development of cardiorenal syndrome type 1 does not only involve hemodynamic mechanisms, but also some other, still unknown variables, suggesting that the improvement in haemodynamic parameters is not closely related to the amelioration of renal function (59) .
Peritoneal dialysis in cardiorenal syndroma type 1
Peritoneal dialysis provides better hemodynamic stability in patients with acute exacerbation of chronic congestive heart failure and acute kidney injury (60) . The main advantages of peritoneal dialysis are the preservation of renal function, less variable ultrafiltration, hemodynamic stability, better clearance of large molecules, smaller loss of sodium and preservation of its normal concentration in the serum (61) . The disadvantages of peritoneal dialysis are an increased risk for the development of peritonitis, metabolic disorders (hyperlipidemia, increased atherogenic potential). The results of new well-controlled, randomized clinical trials should more accurately determine the significance, place and role of peritoneal dialysis in the treatment of patients with cardio-renal syndrome type 1 (62) .
CONCLUSION
The clinical significance of acute kidney injury, when the outcome of treatment of patients is in question, has increased in recent years. Deterioration of renal function in patients with acute decompensated heart failure is an important risk factor and very often results in a rapid deterioration of the clinical picture. In contrast to experimental models, in clinical practice, acute renal failure is often diagnosed too late so that the measures that normally have beneficial effects and protective role under the experimental conditions do not give the same results in clinical practice. For all these reasons it is necessary to analyze the pathophysiology of renal impairment in the CRS as well as detect early indicators of kidney damage. Then the application of various protective molecules could have early clinical benefits.
